Background. Percutaneous excimer laser coronary angioplasty (ELCA) is a new technique for recanalization of arteries obstructed by coronary atherosclerosis. This study was conducted to assess the complication rate and determine the influence of clinical and angiographic characteristics on complications after ELCA.
Ex xcimer laser coronary angioplasty (ELCA) is a new technique for the percutaneous treatment of coronary atherosclerotic lesions. Analysis of data from multiple centers has revealed an overall good success rate and low complication rate.12 The types of complications that have been reported are similar to those that can occur with balloon angioplasty except for perforation, which occurs after excimer laser in 1.0% of cases treated.
The mechanism of coronary recanalization with excimer laser is presumed to be different from with the balloon. Balloon inflation results in an improvement in the luminal diameter by the creation of tears and fissures.3-5 Excimer laser experimentally causes tissue ablation through vaporization, although plaque compression and fissuring cannot be totally excluded. [6] [7] [8] Another major difference in coronary recanalization is that balloon inflation produces its effect on the surrounding tissue over the length of the balloon (20 mm in most cases), whereas the excimer laser effect on the tissue is localized to the catheter tip as the catheter is advanced. Therefore, it is possible that certain angiographic characteristics that influence the occurrence of complications with balloon angioplasty9 may be different for excimer laser. A study of possible predictors of complications after excimer laser coronary angioplasty has not been reported and is the purpose of this analysis.
Methods

Patients
Data were collected on 200 consecutive patients (203 separate procedures, 220 lesions) who had a percutaneous ELCA attempted at three hospitals (Emory University, Atlanta, Ga.; Cedar-Sinai, Los Angeles; Georgetown University, Washington, D.C.) during the early experience with the device (August 1988 to July 1990). Clinical and procedural information, including laser parameters, were obtained from patient charts, and detailed, quantitative, angiographic core laboratory analysis was performed by two experienced angiographers who were not the primary laser angioplasty operators.
Patients were considered for ELCA when there was an indication for coronary revascularization judged by the presence of significant angiographic stenosis and evidence of myocardial ischemia by symptoms and/or noninvasive testing. Exclusion criteria were 1) the presence of "unprotected," significant left main coronary artery disease, 2) patients who were unacceptable candidates for coronary artery bypass surgery, and 3) very high-risk situations (e.g., large amount of myocardium in jeopardy, which, if the vessel acutely closed, would likely result in cardiogenic shock or death). Each patient gave informed consent. Each institution operated from a protocol approved by their respective institutional review boards.
Excimer Laser System
The excimer laser used in all centers was originally designed by the laser physics group at the jet propulsion laboratories. The An abrupt proximal face was present when the angle between the proximal face of either side of the lesion and the lumen centerline was less than 135°( Figure 1 ).
An active kink point was present when the lesion was located in a portion of a vessel that bent more than 15°d uring a cardiac cycle.
A branch point was present when a lesion was adjacent to a branch vessel.
Calcium density refers to fixed radiopaque densities in the area of the stenosis considered as calcifications and coded as minimal when they were difficult to detect, moderate when they were easy to detect, and heavy when they were of spine density. the magnitude of lesion eccentricity from an angiographic projection. We refer to this as the eccentricity index. It is derived from segments A and S in Figure 3 according to the formula: eccentricity index (EI)=S/ Ax 100%. This index is the percent deviation of the centerline of the stenosis lumen from the centerline of the vessel. When the lesion is exactly concentric, the El is zero. As it becomes more eccentric, the El approaches the upper limit of 50%. When two angiographic projections were available, the one showing the lesion to be more eccentric was chosen. The details of this index are given in Figure 4 . Measurement of the eccentricity index on 20 different lesion tracings showed a very small interobserver variability (r2=0.91). Also, intraobserver variability was reasonably good because the largest discrepancy from repeated measurements of five lesions was 4%, and two thirds of the measurements were within 2% difference. Lesion length was recorded at three points along the diseased artery corresponding to 0%, 30%, and 50% lumen narrowing ( Figure 5 ). Of the two angiographic projections, the longer measurements were selected. Lesion lengths of total occlusions could not be measured. The laser catheter/artery ratio was derived from the known size of the largest catheter used for each lesion and the measured normal artery diameter.
Outcome Definitions
Laser success was defined as a reduction in diameter stenosis .20% by laser alone. Procedure success was defined as a reduction to <50% residual diameter stenosis at the completion of the procedure for all the attempted lesions with or without adjunctive balloon angioplasty. in saphenous vein grafts. Lesion angiographic characteristics are shown in Table 1 . The mean lesion angulation was 26± 180 (range, 0-90o). The eccentricity index averaged 17.3+:13.6% (range, 0-49.2%). Lesion length at 0%, 30%, and 50% stenosis diameters are given in Table 2 .
Procedural Characteristics
The most frequently used laser catheter was the 1.6 mm. It was the largest catheter in 65% of the lesions. The 1.3-mm and the 2.0-mm laser catheters were the largest catheters used in 3% and 32% of the lesions, respectively. Laser success was achieved in 180 of the 220 lesions (81.8%) and procedural success in 199 (90.5%). Laser treatment was followed by balloon angioplasty in 47% of the lesions. Diameter stenosis was reduced from a mean baseline of 80±13% to 43+±24% after laser treatment to 29±17% after balloon angioplasty in those lesions requiring balloon angioplasty.
Complications
Angiographic and clinical complications are listed in Table 3 and are not mutually exclusive. There were no deaths and one Q wave myocardial infarction (MI). In the five patients who required emergency CABG surgery, one surgery was performed after a vessel perforation with the laser, two were performed after acute occlusion of the artery, and two were performed after large dissections without occlusion of the vessel. Of the three patients who had vessel perforation, one underwent successful emergency CABG to the RCA. The remaining two who had perforations to the proximal LCx and proximal RCA, which were self-contained, lacked evidence of ischemia and were treated medically. In 10 laser-treated vessels, there was evidence of a There were 53 lesions in the complications group and 167 lesions in the no complications group. The most important univariate predictors of the occurrence of one or more complications were the presence of an abrupt proximal face of the lesion (odds ratio, 1.85; p=0.051), an eccentricity index of 30% (odds ratio, 2.62; p=0.01), and a larger proximal artery diameter (2.7+ 0.6 mm versus 2.4+0.6 mm, p=0.01).
By visual assessment, 66% of the lesions that had complications were believed to be eccentric compared with 60% of the lesions in the no complication group (p=NS); yet, the measured mean eccentricity index was significantly higher in the complication group (23±15% versus 15.3±12.6%, p=0.001).
The laser catheter/artery ratio approached statistical significance as a univariate predictor of complications, with a smaller mean ratio in the complication group (0.69±0.14 versus 0.74±0.18, p=0.06); however, this could have been a reflection of the larger mean artery diameter in that group. Other preprocedural variables including a prior percutaneous revascularization to the same site were not predictors of complications. Abrupt proximal face, eccentricity index, artery diameter, and laser catheter/artery ratio were entered into a stepwise logistic regression analysis. Multivariate correlates of complications were, by order of importance, the eccentricity index (p=0.0007) and the proximal vessel diameter (p=0.033).
Predictors of Important Complications
Fifteen patients (15 lesions) suffered important complications. In the majority of these procedures (14 lesions), an angiographic complication was noted after laser treatment. In one case, an unexplained acute closure occurred after a good angiographic result using laser and balloon. In only two cases was a balloon catheter not used (one limited perforation was present with a good diameter reduction of the stenosis; in another case, laser treatment was complicated by acute closure after wire withdrawal, and the lesion could not be recrossed).
Significant univariate predictors of the occurrence of important complications are shown in Table 6 . The eccentricity index was significantly higher in the important complication group (25.4±17.4% versus 16.6+13.1%, p=0.02). Other significant predictors were an eccentricity index 230% (odds ratio, 3.32;p=0.026) and a lesion angle >450 (odds ratio, 3.38;p=0.029). These univariate predictors were entered into a stepwise logistic regression. By this multivariate analysis, only the eccentricity index was a significant independent predictor of the occurrence of important complications (p=0.032). Discussion ELCA is a new technology: It offers a new modality of arterial recanalization, but much is still being learned about its safety and efficacy as a percutaneous treatment of coronary atherosclerosis in humans. This study is the first to address the specific factors associated with acute complications that occur after ELCA using a detailed angiographic analysis.
The most powerful predictor of complications in this study was the eccentricity index. Although most published series have studied eccentricity as a predictor of acute complications after PTCA, an objective measure of eccentricity has not been reported. We recognized that eccentricity may be important in ELCA because ablative energy at the catheter tip may be applied to a relatively thin portion of an eccentric stenosis caused by the obligatory tracking of the catheter along the guide The presence of an abrupt proximal face of the lesion was correlated with a higher incidence of complications (p=O.OSl). Although this was not a significant independent predictor, we believe that it carries some clinical implication. An abrupt proximal face connotes a larger surface of contact between the plaque and the laser catheter than when the lesion was tapered proximally. Knowing that the distribution of the individual laser fibers allows for dead space at the lasing tip of the catheter, we suggest that the mechanical effect of the catheter in lesions with an abrupt proximal face may be more important than in lesions without this finding. It has not been possible to demonstrate this possibility by histological study; however, it would be prudent to consider advancing the catheter very slowly across the lesion with an abrupt proximal face. This will allow more time for laser ablation and less mechanical effect. This predictor is borderline in significance and needs to be confirmed in future trials. The problem may be further reduced by developing catheters with smaller dead space, allowing more laser ablation per unit of surface area at the tip.
Lesions with an angle of >450 were significantly more common in the group that suffered one or more important complications. Such angles were not a significant predictor when all complications were considered as a group. The investigators had adopted an informal policy of avoiding lesions on a tight bend; therefore, it is important to stress that the range of angulations attempted with ELCA was not wide enough to make any conclusion about highly angulated lesions. Moreover, the combination of an angle >45°and an eccentricity index of >30% was not studied separately because there were only eight such lesions. From this group, the separation based on the side of the eccentricity (inner versus outer curve location) was possible, but the numbers were too few to be properly analyzed. It would seem logical to hypothesize that a highly eccentric lesion on the outer curve of a tight bend would be less hazardous than one that occurs on the inner curve, because in the latter, the tip of the laser catheter would face the relatively thin portion of the plaque and underlying vessel wall. Again, such speculations will be difficult to demonstrate because the vast majority of lesions treated are not highly angulated.
The mean vessel diameter was larger and the laser/ artery ratio smaller in the complication group. This is somewhat surprising because one might expect a larger artery and a smaller laser/artery ratio to provide a safety margin for the laser tip to avoid contact with the artery wall; however, other factors could provide another explanation. A smaller laser/artery ratio may allow more space for deflection of the tip as the laser catheter is advanced. More importantly, lesions in large arteries may have required multiple passes with the same catheter or exchanges to larger laser catheters to get a better result. The number of passes per catheter was not routinely documented during the early period of the study, and this hypothesis could not be tested.
Other markers of lesion complexity that may suggest increased complications after balloon angioplasty,11,12 such as rough edges, ulceration, active kink point, and branch point, did not correlate with an adverse outcome after ELCA. Also, lesion length and the presence of calcifications were subjected to a detailed analysis that failed to show any association with increased complications. The length of total occlusions could not be measured. Nevertheless, attempts at recanalizing total occlusions with ELCA did not result in an increased complication rate, although the number of total occlusions attempted was small.
Study Limitations
Excimer laser angioplasty is a technology that is rapidly evolving. The results of this analysis pertain to the early period of the multicenter study as operators' experience was accumulating. In addition, certain modifications have since been made in laser catheter design and also in the parameters under which the laser is used. Certain procedural variables are operator determined and cannot be measured, such as the speed of catheter advancement or the resistance at the catheter tip. Such variables could play a role in the emergence of complications. The number of lesions with important complications was small and increases the possibility of a type II statistical error. However, the chance of a type II error in the analysis of the broader group of complications is less likely.
Another limitation of this study is the partially subjective nature of some of the definitions used. Attempts at making these definitions more objective were hindered due to the inherent nature of angiographic interpretation of diseased human coronary anatomy and absence of universally applied definitions for variables such as degree of calcification.
Conclusions
Percutaneous ELCA is a new technique for treating atherosclerotic heart disease and can be performed with a success rate and a complication rate similar to balloon angioplasty. This comprehensive analysis suggests that the most powerful predictor of complications is the eccentricity index. This index is a quantitative measure of the deviation of the lumen from the centerline of the artery. In contrast, the mere presence of eccentricity assessed visually was imprecise and lacked any predic- 
